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ABSTRACT
Joyce, Michael J . ,  M .S .,  May, 1980 Geology
S tra t ig rap hy , Clay Mineralogy and Pestic ide Analysis o f  Flathead 
Lake Sediments, Flathead Lake, Montana ,
D ire c to r :  Johnnie N. Moore
Flathead Lake is  a deep o r igo tro ph ic  intermontane lake located 
45 krn southwest o f  G lacier National Park, Montana. During the 
1979 summer f ie ld  season, ten sediment cores and 27 km o f  fa tho­
meter p ro f i le s  were recovered from the lake. X-ray d i f f r a c t io n  
analysis confirmed the presence o f  c h lo r i te ,  i l l i te ,  k a o l in i te ,  
quartz , and mixed layered i l l i t e - s m e c t i t e  (40% e x p a n s ib i l i ty )  in  
the c la y -s ize  f ra c t io n  o f  the sediments. V iv ia n ite  was also iden­
t i f i e d  using powder d i f f r a c t io n  methods.
Sedimentary s truc tu res  observed in th is  study are produced by a 
number o f  co -e x is t in g  and in te ra c t in g  depositional processes. 
A lte rn a t in g  black and l ig h t -g ra y  laminae dominate cores taken 
from deep waters. L igh t-g ray  laminae are produced p r im a r i ly  by 
sedimentation o f  inorganic p a r t ic le s  brought in by the spring t u r ­
b id i t y  plume. Deposition o f  s i l iceo us  diatom tes ts  also c o n t r i ­
butes to these layers. Sedimentation o f  e p il im n e tic  organic accu­
mulations a f te r  autumnal turnover produces the black laminae o f  
rhythmic couplets. Graded ( f in e  sand -  s i l t  - c lay) sequences 
are deposited by tu r b id i t y  currents in i t ia te d  by catastroph ic  
slumping o f  d e lta ic  sediments. Remobilization may be tr igge red  
by recent earthquake a c t i v i t y  in  the Flathead Valley. S t ra t ig ra ­
phie d iffe rences between l ig h t-g ra y  laminae from the western s h e lf  
and the eastern trough are the product o f  la rg e r  and more consis­
te n t sediment accumulations along the western s h e lf  due to r ig h t -  
hand de f le c t io n  o f  the spring plume by geostrophic currents. The 
occurrence o f  in c l in e d  and h o r iz o n ta l ly  orien ted sedimentary un its  
in  the same core section is a t t r ib u te d  to slumping o f  cohesive 
c la y - r ic h  sediment o r subaqueous erosion followed by deposition 
o f  laminated sediments.
S tra t ig rap h ie  co rre la t io n s  ind ica te  th a t sedimentary layers 
w ith in  the lake are not continuous over great la te ra l  distances. 
Terrigenous in f lu xe s  from the 1964 sediment plume have been iden­
t i f i e d  in  two s tra t ig ra p h ie  sections and suggest th a t  sediments 
in  th is  region o f  the lake have accumulated a t an average rate o f
1.4 cm/yr over the past f i f te e n  years.
11
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CHAPTER I
INTRODUCTION
Flathead Lake is  a deep o l ig o tro p h ic  intermontane lake located 45 
km southwest o f  G lac ier National Park, Montana (F ig. 1). Covering an 
area o f  462.3 km^, i t  is  the la rge s t natura l body o f  fresh water west 
o f  the M iss iss ipp i River. The lake has a general north-south o r ie n ta ­
t io n  w ith  a maximum length o f  approximately 44 km. I ts  width averages 
10.5 km but reaches an east-west maximum o f  almost 30 km across Big Arm 
Bay (Table 1).
Flathead Lake is  renowned among western U.S. lakes fo r  i t s  c lea r 
waters and scenic beauty. Population increases and land use practices 
in  the Flathead region have generated an increased concern among local 
residents and s c ie n t is ts  fo r  preservation o f  the la ke 's  p r is t in e  waters 
and w i l d l i f e  hab ita ts . In response to th is  concern, I have conducted 
a study o f  the s tra t ig ra p h y , c lay mineralogy and occurrence o f  p e s t i ­
cide residues in the sediments o f  Flathead Lake.
Geological Development o f  the Flathead Basin
The Flathead basin is  underla in by a va r ie ty  and considerable 
thickness o f  Precambrian to Quaternary sedimentary rocks. B e lt Super­
group carbonate and a rg il laceous rocks outcrop along the east and west 
shores o f  the lake. Thick sections o f  these rock types are exposed in  
the north-south trend ing  Mission Range to  the east (Fig. 1) and are
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Figure I . Location map: Flathead Lake, Montana.
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Table 1, Morphometry o f  Flathead Lake (a f te r  P o tte r ,  1978).
E levation (maximum regulated)
Maximum Length
Maximum Breadth
Mean Breadth
Maximum Depth
Mean Depth
Maximum Length Main Basin 
Maximum Length Poison Bay 
Area
Total 
Islands 
Water 
Drainage 
Vol ume 
Shoreline 
Total 
Islands 
Mainland 
Shoreline Development 
Voluem Development
8 8 2 .4  m
43.9 km
24.9 km
10.5 km 
113.0 m
32.5 m
39.4 km
10.5 km
476.6 km2 
14.3 km̂
462.3 km? 
18378.6 kmZ
24.9 km3
301.9 km 
42.2 km
259.7 km 
3.9 
0.86
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also a t t r a c t iv e ly  displayed in  nearby G lac ier Park. P a r t ia l l y  covering 
these o ld e r  rocks in  the Flathead basin are younger deposits o f  T e r t ia ry  
gravels and Quaternary g la c ia l t i l l s .
S t ru c tu ra l ly ,  the Flathead basin is  bounded by north trend ing 
normal fa u l ts  which de lineate  the va lle y  as a deep graben (Decker,
1968). Although fa u l t in g  probably o r ig ina te d  during Laramide time 
(Pardee, 1950), recent seismic a c t i v i t y ,  p a r t ic u la r ly  near Big Fork, 
is  evidence fo r  continued in te rm it te n t  f a u l t  movement (M. Stickney, 
personal communication).
The Flathead Valley has been described as a southward extension or 
a main branch o f  the topograph ica lly  d is t in c t  Rocky Mountain Trench 
(Pardee, 1950). During Wisconsin tim e, three ice advances moved down 
the trench from adjacent Canada, each penetrating in to  the Flathead 
Valley. The la s t  two o f  these advances are recorded as morainal depo­
s i t s  south o f  Flathead Lake (Richmond e t a l . ,  1965). The la rg e s t,  
extending from the Mission Range on the east to the Salish Range on 
the west forms a natura l dam (Poison moraine) a t the south end o f  F la t ­
head Lake (Alden, 1953).
In Hutchinson's scheme (1957), Flathead Lake would be c la s s i f ie d  
a type 9-30a lake basin, having a complex geologic h is to ry ,  combining 
te c to n ic  block fa u l t in g  w ith  impoundment by g la c ia l moraines.
C harac te r is t ics  o f  the Drainage Basin
The Flathead watershed encompasses 18,378 km  ̂ o f  mixed fo re s t  and 
a g r ic u l tu ra l  lands in  northwest Montana and B r i t is h  Columbia. Six
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 2 .  Flathead Lake and river drainages.
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major r iv e r  systems (North Fork, South Fork and Middle Fork o f  the 
Flathead, Swan, S t i l lw a te r ,  and W hitefish Rivers) dra in these lands 
and con tr ibu te  to the to ta l  water volume o f  Flathead Lake (Fig. 2). 
An estimated 24.9 km  ̂ o f  water f i l l s  the lake to an average o f  882 m 
(2892 f t . )  above sea le v e l.  F luctuations in  lake leve l o f  up to ten 
fee t are co n tro l le d  annually by the Bonneville Power Company at Kerr 
Dam near Poison, Montana.
Construction o f  Hungry Horse Dam in  1951 led to the impoundment 
o f  Hungry Horse Reservoir on the South Fork o f  the Flathead River. 
A llow ing only surface waters to  pass down r iv e r ,  the dam is  an 
e f fe c t iv e  sediment trap  fo r  sediment ca rr ied  down the South Fork. 
Impoundment o f  the rese rvo ir  probably s ig n i f ic a n t ly  reduced the 
amount o f  sediment en tering  Flathead Lake. A s im i la r  dam on the 
lower Swan River near Big Fork, also reduces sediment supplies to 
Flathead Lake. At present, sediment accumulation in  Flathead Lake 
is  p r in c ip a l ly  co n tro l le d  by seasonal and variab le  flows o f  the 
North Fork and i t s  unaltered t r ib u ta r ie s .
Increased a g r ic u ltu re  and logging in  the Flathead watershed 
over recent years may con tr ibu te  to increased sediment loads. 
B u ild ing  and construction  associated w ith  the rap id growth o f  
Kali spe ll over the past decade may also con tr ibu te  to  sediment in ­
creases. Whether o r not these net increases are re f le c te d  in  the 
sediments o f  Flathead Lake depends upon annual r iv e r  discharges and 
the loca tions  o f  sediment traps throughout the watershed. Baseline 
data on sediment load has rece n tly  been compiled by Knapton (1978).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Monitoring in  fu tu re  years should q u a n t i ta t iv e ly  document real chan­
ges in  sediment load as development o f  the watershed increases.
The shore line o f  Flathead Lake is  dotted and o ften c lustered 
w ith  permanent homes and summer residences. Lake-moderated climates 
have induced a heavy p lan ting  o f  commercial cherry orchards on the 
steep eastern and southern shores. Return flow o f  i r r ig a t io n  and 
natura l ra in  waters through rocky, c l ay -r ich  s o i ls  may f lush  d is ­
solved n u tr ie n ts  and adsorbed a g r ic u l tu ra l  chemicals in to  Flathead 
lake. E ffec ts  o f  sediment, chemical, and n u t r ie n t  supply to  F la t­
head Lake from domestic and in d u s tr ia l  sources, are the p r in c ip a l 
concerns o f  on-going studies in the Flathead Region (Flathead Re­
search Group, Big Fork, Montana; Flathead 208 P ro jec t,  K a l is p e l l ,  
Montana).
Lake Bathymetry
The underwater topography o f  Flathead Lake is  simple, cons is t ing  
o f  a broad s h e lf  which passes abrup tly  in to  a deep basinal trough 
(Fig. 3). The s h e lf  occupies the west side o f  the lake where Pre­
cambrian Belt rocks outcrop to  produce numerous small is lands along 
the west shore. The trough, averaging 92 m in  depth, occupies the 
east side o f  the lake and extends fo r  nearly i t s  f u l l  length. Poison 
Bay at the lake 's  south end, is  broad, shallow (7 m), and separated 
from the main basin by "The Narrows", a rocky c o n s tr ic t io n  o f  bed­
rock and g la c ia l debris. At the north end, a broad de lta  o f  c la s t ic  
sediment has formed where the Flathead River empties in to  the lake.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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An unpublished bathymetric map has been compiled by Silverman {De­
partment o f  Geology, U n ive rs ity  o f  Montana). A more de ta iled  map 
Is c u r re n t ly  In preparation (Moore, Department o f  Geology, U n ive rs ity  
o f  Montana).
Previous Inves tiga tions
Past researchers have been a ttra c te d  to Flathead Lake since the 
e a r ly  1900's. Pioneer Inves tiga tions  o f  Flathead Lake and surround­
ing regions (E lrod, 1901, 1902; Elrod e t a l . ,  1929; Clapp e t a l . ,
1929) were predominantly reconnaissance In nature, more often docu­
mentations o f  casual observations than rigorous llm no log lca l analyses. 
These e a r ly  reports probably served to exc ite  the academic c u r io s i ­
t ie s  o f  subsequent Flathead researchers.
Information documenting lake phytoplankton and zooplankton com­
munities has been assembled (Morgan, 1968, 1971; Ivo ry ,  1974; Mog- 
hadam, 1969; B jo rk , 1967; P o tte r ,  1978; Gaufin e t a l . ,  1976). Stu­
dies o f  aquatic bacte ria  In the Flathead region are also ava ilab le  
(Graham, 1934; Hern, 1970; Po tte r and Baker, 1956, 1961). In addi­
t io n ,  the Montana State Department o f  Fish and Game has published 
reports focused on f is h  population dynamics (Hanzel, 1970, 1971,
1972, and o thers). A comprehensive study o f  the Flathead Lake- 
Rlver ecosystem Is In progress (Stanford e t a l . ,  1979).
In sp ite  o f  these c o n tr ib u t io n s ,  there e x is ts  a conspicuous 
de fic iency  o f  Inform ation concerning the sediments o f  Flathead Lake. 
Decker (1968) conducted a p re lim ina ry  survey o f  sediment gra in s ize .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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geochemistry, and c lay mineralogy w ith in  the lake basin. Po tte r 
(1978), in  a recent d is s e r ta t io n  o f  lake zooplankton, examined a 
number o f  sediment cores in an e f f o r t  to document h is to r ic a l  changes 
in  the Flathead drainage basin.
In summary, there e x is ts  a pronounced unbalance between our 
understandings o f  b io lo g ic a l and geological processes active  in 
Flathead Lake. In l i g h t  o f  th is  asymmetry, I have undertaken a 
study o f  recent sedimentation in Flathead Lake.
Present Study
I have examined the s t ra t ig ra p h y , sedimentation, and c lay miner­
alogy o f  recent sediments in  Flathead Lake. In a d d it io n , the occur­
rence o f  pes tic ide  residues in  lake bottom sediments is  also inves­
t ig a te d . The in te n t  o f  th is  report is  to  develop a comprehensive 
understanding o f  recent sedimentary processes operating in  Flathead 
Lake. A knowledge o f  sediment transpo rt and accumulation w ith in  the 
lake has fa r-reach ing  app lica tions  and is  in t im a te ly  re la ted  to 
physical and chemical l im no log ica l considerations. Nutr ien ts  and 
p o llu ta n ts  in aquatic systems often occur as d isc re te  p a r t ic le s  or 
adsorbed onto f ine -g ra in ed  sediment. An understanding o f  sediment 
tran spo rt is  essentia l fo r  m onitoring the accumulation and d i s t r i ­
bution o f  these m ateria ls  in  Flathead Lake.
During the 1979 summer f ie l d  season, ten sediments cores, 6.7 cm 
in  diameter and as much as 241 cm in  length were recovered from the 
lake bottom. Approximately 27 km o f  fathometer p ro f i le s  were
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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recorded during coring operations. Shallow underwater observations 
o f  de lta  morphology were also made a t th is  time. Clay and pes t ic ide  
analyses were conducted at the U n ive rs ity  o f  Montana during the 
1979-1980 academic year.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER I I  
MATERIALS AND METHODS
Core C o lle c t ion
Soft sediment cores were taken from onboard the "D o lly  Varden", 
a t h i r t y - f i v e  fo o t f is h in g  t ra w le r  th a t  has been re-r igged and equipped 
fo r  lim no log ica l sampling. Cores were taken from a va r ie ty  o f  lake 
depths and sediments types. Coring operations were coordinated w ith  
on-going Montana Department o f  Fish and Game lim no log ica l stud ies. 
Sampling s i te  loca tions  are i l lu s t r a te d  in Figure 4.
Attempts to e s ta b lish  an annual sedimentation rate in Flathead 
Lake required several cores from basinal areas were l i t t l e  o r  no d is ­
rup tion  o f  sediment occurs. For th is  purpose, the deep waters west o f  
Yellow Bay were sampled. For comparative purposes, i t  was decided to 
sample areas where deposit iona l processes o ther than undisturbed sus­
pension s e t t l in g  might occur. Several cores were taken on the f l a t  
and slopes o f  the Flathead de lta  in  an e f f o r t  to  recognized influences
o f  d e l ta ic  sedimentation w ith in  the lake.
Core s i te  loca tions  were estab lished by t r ia n g u la t io n  w ith  a 
brunton compass. Depths a t sampled lo c a l i t ie s  were established using 
a Ross Model 200A Fine Line Recorder aboard the "D o lly  Varden".
A Benthos G ravity  Corer, Type 217, Model 2171 (Benthos, North 
Falmouth, Massachusetts) was borrowed from the U n ive rs ity  o f  Montana 
B io lo g ica l S ta tion a t Yellow Bay. P o tte r (1978) describes the in s t r u ­
ments' design and performance on Flathead Lake.
12
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The assembled Benthos Corer was hoisted over the "D o lly  Varden" 
starboard gunnel using a hydrau lic  powered winch and metal boom.
The device was lowered slowly through the water u n t i l  a depth o f  about 
2 to 3 m from the lake bottom, where i t  was allowed to  free f a l l  in to
the s o f t  sediment. Once slack was observed in the cable, the corer
was re tr ie ved . Upon b r ing ing  the apparatus to  the surface, an e s t i ­
mate o f  penetration depth was made by noting the highest po s it io n  o f  
c lay smudges on the e x te r io r  o f  the corer. The e n t ire  assembly was 
then completely hosed o f f  before being brought on deck.
The nose o f  the Benthos corer houses a conical sediment c u t te r
equipped w ith  expandable " f in g e rs " .  This component prevents the core
from s l id in g  out o f  the instrument during re t r ie v a l .  However, these 
p ro jec tions  deformed the sediment during en try  in to  the core tube.
To prevent d is ru p t io n ,  the c u t te r  was removed from the nose piece and 
employed as a spacer at the ins trum ent's  t a i l  end. A l l  subsequent 
cores taken w ith  th is  arrangement were recovered undisturbed and no 
d i f f i c u l t i e s  were encountered w ith  core contents s l ip p in g  out o f  the 
core tube.
A f te r  b ring ing  the corer on deck, the p la s t ic  l in e r  was removed 
and tran s fe rred  to  the port side where extrus ion and section ing took 
place. Before removal o f  core contents, to ta l  length o f  the recovered 
sediment was recorded and the extremely f l u i d  s u r f ic ia l  sediments 
were decanted in to  precleaned glass ja r s .  Water from the sediment- 
water in te r fa ce  was genera lly  c le a r  and free o f  suspended debris , 
in d ic a t in g  th a t  no sediment was lo s t  from the top o f  the core during
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sampling procedures. The core m a te r ia l,  having a consistency s im i la r  
to  too thpaste , was extruded onto aluminum f o i l ,  cut in to  50 cm sec­
t io n s ,  and t i g h t l y  wrapped to  minimize s tru c tu ra l disturbance. Cores 
wrapped t ig h te s t  in  aluminum f o i l  su ffered the le as t amount o f  d is rup­
t io n  during transpo rt.  A l l  aluminum f o i l  was flushed w ith  an organic 
so lvent (pes t ic ide  grade a c e to n i t r i l l e )  to  avoid organic contamination 
o f  core contents so th a t f a i r l y  accurate pes tic ide  analyses could be
conducted. A metal pan roughly 1.5 m in  leng th , 40 cm wide and 3 cm
high was fab r ica ted  from a f l a t  piece o f  24 gage galvanized sheet
metal. The pan, having on ly two sides, served as a device upon which 
f o i l  could be cleaned and cores extruded. Sections were placed in 
cardboard trays and transported back to Missoula fo r  s p l i t t i n g  and 
analys is .
Core Processing
A l l  cores were s p l i t  lengthwise, photographed, and sampled w ith in  
f iv e  days o f  t h e i r  r e t r ie v a l .  I t  was discovered th a t s p l i t t i n g  each 
section w ith  a no. 24 ta u t  metal w ire produced minimal disturbance 
o f  h o r iz o n ta l ly  laminated sedimentary s truc tu res . A more in t r ic a te  
device fo r  core c u t t in g  is  described by Sturm and Matter (1972).
Roughly 20-25 g o f  sediment were removed a t 10 cm in te rv a ls  fo r  
c lay  mineral ana lys is . S im i la r ly ,  samples fo r  pes tic ide  analys is  (50- 
60 g each) were taken between c lay  samples, again every 10 cm. Sam­
ples fo r  c lay analysis were placed in  p la s t ic  v ia ls  and stored a t 
room temperature u n t i l  preparatory procedures could be conducted.
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Pestic ide  samples were placed in small glass ja rs  which had been th o r ­
oughly washed w ith  pe s t ic id e  grade a c e to n i t r i l l e  and stored a t 4°C 
u n t i l  ex tra c tion s  were performed. A l l  sampling was done on one side 
o f  the core, tak ing care to incorporate only materia l from the core 
center. The remaining h a l f  o f  each core was rewrapped in  aluminum 
f o i l  and stored in  a re fr ig e ra te d  core l ib r a r y  fo r  safe keeping and 
fu tu re  study. I t  was decided not to freeze core samples, as ice c rys­
t a l l i z a t i o n  often re su lts  in the destruc tion  o f  f in e ly  laminated 
sedimentary s truc tu res .
S tra t ig ra p h ie  Descriptions
Deta iled s t ra t ig ra p h ie  i l lu s t r a t io n s  were made from d ire c t  v isual 
observation o f  core sections coupled w ith  in form ation obtained from 
core photographs. S tra t ig ra p h ie  descrip tions are based on v isual and 
te x tu ra l p roperties  o f  the sediment and are presented in  Appendix I .
Pestic ide Analysis
The detection o f  organic pes tic ide  residues in  natural environ­
ments has been ex tens ive ly  documentated in environmental l i t e r a tu r e  
{Lotse e t  a l . ,  1968; Leland e t a l . ,  1973). The most p e rs is ten t o f  
these compounds are the ch lo r ina ted  hydrocarbon in se c t ic id e s . The 
lo ng ev ity  o f  these compounds in natura l systems is  o f  p a r t ic u la r  con­
cern because o f  t h e i r  a b i l i t y  to  concentrate in  a va r ie ty  o f  animal 
t issues. Most ch lo r ina ted  hydrocarbons react hydrophobically in  aquatic 
systems, re s u lt in g  in  t h e i r  rap id  adsorption to f ine -g ra ined  p a r t ic u la te  
matter (Huang and L iao , 1970). Consequently, s ig n i f ic a n t  concentrations
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o f  these tox ican ts  may accumulate in  stream and lake bottom sediments.
I undertook a study o f  pes tic ide  residues in  the sediment o f  
Flathead Lake in  an e f f o r t  to  co rre la te  the lowest s t ra t ig ra p h ie  occur­
rence o f  pestic ides w ith  t h e i r  i n i t i a l  ap p l ica t io n  in  the Flathead 
Va lley. Id e n t i f ic a t io n  o f  th is  h is to r ic  marker can be used as a 
s t ra t ig ra p h ie  time l in e  from which estimates o f  sedimentation rates 
in  Flathead Lake can be developed.
Sample Preparation. Analysis o f  p e s t ic id a l residues required 
e x tra c t io n  and concentration o f  pes tic ides  from the sediment. Extrac­
t io n  and concentration procedures followed the methods o u t l in e d  in 
A.C.E.A. (1977) and G o e r l i tz  and Law (1974).
A na ly t ica l Apparatus. A Pye Unicam g a s - l iq u id  chromatograph 
(series  104, model 84, W.G. Pye and Co. L td . ,  Cambridge, England) was 
used in th is  study fo r  pes tic ide  residue ana lys is . The chromatograph 
was equipped w ith  a Ni 63 e lec tron  capture de tector. A c a r r ie r  gas o f  
p u r i f ie d  n itrogen was passed through prepacked glass columns (OV-101 
and OV-210, Supelco, In c . ,  B e lle fo n te , PA) 183 cm in  length and 4.0 mm 
ins ide  diameter. A f low  ra te  o f  60 ml/minute produced optimum peak 
spacings. Detector temperature was genera lly  held constant a t 300°C, 
wh ile  column temperatures varied depending on v o l a t i l i t y  o f  the l iq u id  
phase. The chromatograph was in tegra ted  w ith  a Bausch and Lomb s t r ip  
charp recorder which was operated a t  a constant speed o f  1 inch per 
minute.
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Clay Analysis
Sample P repara tion. Oriented c lay mounts were made fo r  x-ray d i f ­
f ra c t io n  ana lys is . Approximately 8.0 g o f  moist sample were removed 
from p la s t ic  sampling v ia ls  and placed in 250 ml cen tr ifuge  jugs f i l l e d  
to the c o l la r  w ith  deionized d i s t i l l e d  water. Samples were suspended 
and disaggregated u l t ra s o n ic a l ly  (Biosonik I I I ,  Bronwill S c ie n t i f ic ,  
Rochester, NY) fo r  one to three minutes. With both s i l t  and c lay 
sized p a r t ic le s  in  suspension, samples were cen tr ifuged (DAMON lEC UV 
C entr ifuge, In te rn a t io n a l Equipment Co., Needham, MA) to sediment out 
the >2y s ize and a small po rt ion  was tran s fe rred  to the surface o f  a
27 X 46 mm glass s l id e .  Enough o f  the tu rb id  l iq u id  was placed on each
s l id e  to  generate a miniscus. Bu ild ing  up the water laye r allowed 
suspended clays to s e t t le  in  a-b plane o r ie n ta t io n  on the glass sur­
face. S lides were d r ied  a t  room temperature before being analysed.
The remainder o f  the supernatant l iq u id  was reta ined fo r  add it iona l 
analyses. In add it ion  to  preparing untreated orien ted  s l id e s ,  several 
samples were heat and chemically trea ted  to  observe e f fe c ts  on the 
c lay minerals present. These treatments are described below.
Acid Treatment. A number o f  c lay  species, p a r t ic u la r ly  c h lo r i te s ,  
tend to  p a r t ia l l y  d isso lve in  weak acid s o lu t io n s ,  producing x-ray 
amorphous m ate ria l.  Several c lay samples were heated in  a 1 N HCl 
so lu t io n  a t  80°C fo r  1-2 hours. I t  was observed th a t c lay so lu t ions  
trea te d  in  th is  manner turned a dark green co lo r  suggesting the release
o f  fe rrous iro n  in to  so lu t io n .  A f te r  s u f f ic ie n t  treatm ent, the c lay-
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acid so lu t io n  was thoroughly rinsed w ith  d i s t i l l e d  water u n t i l  c lay 
f lo c c u la t io n  ceased, in d ic a t in g  complete removal o f  HCl. Oriented 
s l id e s  were then prepared using prev ious ly  described procedures.
KCl Treatment. V erm icu lite  tends to  collapse from 14A to lOA 
when potassium ions are f ixed  in  in te r la y e r  pos it ions . As a te s t  fo r  
the presence o f  ve rm ic u l i te ,  several c lay samples were heated in  a 
1 N KCl so lu t io n  at 8G°C fo r  one hour. The c lay so lu t ion  was then 
thoroughly washed w ith  d i s t i l l e d  water to  remove a l l  soluble KCl. 
Oriented s lide s  were then prepared fo r  x-ray analysis.
Ethylene Glycol Treatment. In the presence o f  ethylene g ly c o l ,  
smectite and mixed la ye r smectite clays undergo expansion o f  basal d- 
spacings to accommodate the in te r la y e r  glycol complex. The re s u lt in g  
s h i f t  in  basal re f le c t io n s  on d i f f r a c t io n  p ro f i le s  is  a d iagnostic  
c h a ra c te r is t ic  o f  these c lay minerals. Prepared orien ted«s lides  were 
placed in  glass chambers conta in ing ethylene g lycol vapors fo r  twenty- 
fou r hours. The samples were then x-rayed to determine the presence 
o f  smectite.
Heat Treatment. The d-spacings and peak in te n s i t ie s  o f  c lay 
minerals may be a lte re d  by sub jec ting  prepared samples to elevated 
temperatures. These temperature responses are d iagnostic  o f  ce r ta in  
mineral species. C h lo r ites  d isp lay  higher (001) peak re f le c t io n s  when 
subjected to  550®C temperatures. In co n tra s t,  the c rys ta l s truc tu re  
o f  k a o l in i te  is  d isrupted in  th is  temperature range, producing x-ray
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amorphous m a te r ia l.  Most smectites w i l l  collapse to  IDA w ith  s l ig h t  
heating , how ever, irreve rs ib le  collapse may requ ire  temperatures exceed­
ing 800^0.
Heat treatment in  th is  study involved p lac ing o r ien ted s lides  in 
a preheated 550°C oven fo r  one hour. S lides were then slowly cooled 
and x-rayed to determine c lay response to  th is  temperature.
X-ray D i f f ra c t io n  Equipment. A Norelco x -ray  d i f f r a c t io n  u n it  
(type 12045) and wide range goniometer (type 42202), both manufactured 
by P h i l ip s  E le c tro n ics , Inc. (Mount Vernon, NY) were used fo r  c lay 
mineral id e n t i f i c a t io n .  The d i f f ra c to m e te r ,  equipped w ith  a copper 
tube and n icke l f i l t e r ,  emits Cu K-a rad ia tio n  a t a wave length o f  
1.54A. Goniometer scanning speed was kept constant at 1° 29 per min­
ute. A Sargent s t r ip  chart recorder (model SR, type S-77180) was 
operated a t  a rate o f  inch per minute. A time constant s e t t in g  o f  
4 produced optimum peak re f le c t io n s .  Scale fac to rs  varied from 4 to 8 
and d if f ra c to m e te r  power inpu t was held a t  30 Kv and 20 Ma.
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CHAPTER I I I
RESULTS
S tra tig raphy
A v a r ie ty  o f  sedimentary s truc tu res  are present in  the sediments 
o f  Flathead Lake (Appendix I ) .  Graded beds and th ic k  sand and s i l t  
layers are abundant in cores taken from the north end o f  the lake. 
Rhythmically a l te rn a t in g  l i g h t  gray and black couplets dominate sec­
t ions  cored from deepest waters. Yellow, dark-brown and in c l in e d  
sedimentary s tra ta  are also present. The o r ig in s  o f  these s truc tu res  
and t h e i r  s ig n if ican ce  to depositiona l processes ac tive  in Flathead 
Lake are discussed in a la te r  section.
Pestic ides
The re l ia b le  detection and estim ation o f  pes tic ide  residues is  a 
d i f f i c u l t  and demanding a n a ly t ic a l task. I was unable to  p o s i t iv e ly  
id e n t i f y  any pes t ic ide  compounds from the sediment samples examined in 
th is  study. In te rp re ta t io n  o f  gas chromatograms ind icated th a t  organic 
compounds were introduced during the e x tra c t io n  and concentrating pro­
cedures. Glassware, glass wool, and d i s t i l l e d  water are a l l  possib le 
sources o f  these contaminants. Inconclusive re su lts  precluded attempts 
to e s ta b lish  sedimentation rates in Flathead Lake based on the occur­
rence o f  pe s t ic id e  residues, however, i t  does not appear th a t s i g n i f i ­
cant q u a n t i t ie s  o f  ch lo r ina ted  pestic ides  are present in the lake 
sediments.
21
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Clay Minerals
In te rp re ta t io n  o f  d i f f r a c t io n  p ro f i le s  fo llowed methods presented 
in  Warshaw and Roy (1961) and Carrol (1970). A l l  samples showed d i f ­
f ra c t io n  peaks as i l lu s t r a te d  in  Figure 5. The lOA peak ind icates the 
presence o f  i l l i t e ,  muscovite, or b io t i t e  in  the sediments. The 
breadth o f  th is  re f le c t io n  and the r a t io  o f  the 4.9A peak to  the IDA 
peaks favors i t s  in te rp re ta t io n  as i l l i t e .  4.9A and 3.3A peaks 
represent (002) and (003) re f le c t io n s  o f  i l l i t e .  Closer examination 
o f  the 3.3A re f le c t io n  shows i t  to have a double headed peak s truc tu re . 
This may a c tu a l ly  ind ica te  the presence o f  two peaks occurring  close 
together. Quartz w i l l  a lso produce a re f le c t io n  a t th is  d-spacing.
In a modern lake environment, diatom tes ts  may con tr ibu te  s ig n i f ic a n t  
amounts o f  s i l i c a  to  bottom sediments. Diatomaceous s i l i c a ,  however, 
is  o f  opaline v a r ie ty ,  which produces very broad d i f f r a c t io n  peaks.
The 3.3A peak from Flathead sediments i s ,  the re fo re , most l i k e l y  a 
response to  the i l l i t e  (003) re f le c t io n  concurrent w ith  f ine -g ra ined  
c ry s ta l l in e  ( d e t r i t a l )  quartz.
Samples trea ted  in IN KCl and ethylene glycol showed cons is ten t 
re f le c t io n s  a t 14A and 7A, demonstrating the presence o f  c h lo r i te  
ra the r than ve rm icu li te  in  the samples.
The persistence o f  the 7A peak a f te r  treatment in  1 N HCl sug­
gests the p o s s ib i l i t y  o f  k a o l in i te  occurring in  the samples. Heating 
o f  acid trea ted  s lide s  to 550°C fo r  one hour resu lted  in to ta l  e l im i­
nation o f  the 7A peak, confirm ing the presence o f  small q u a n t i t ie s  o f  
k a o l in i te  in  these sediments. Decker (1968) has also documented the
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Figure 5 , X -ray  diffroction pattern of air dried oriented sample showing prominent reflections 
used to Identify clay mineral species.
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existence o f  k a o l in i te  in  sediment samples from Flathead Lake and sug­
gested an auth igen ic source fo r  the mineral.
X-ray scans from 15® - 2® 20 o f  ethylene glycol trea ted  samples 
showed marked pa tte rn  changes from untreated samples at low d i f f r a c t io n  
angles, in d ic a t in g  the presence o f  expandable sm ec tit ic  c lays. Decker 
(1968) reported the occurrence o f  a d is t in c t  17A peak in his g lycol 
saturated samples. In con tras t to  h is  f in d in g s ,  the samples analysed 
in  th is  study showed a broad, wide-based re f le c t io n  at about 17.7A 
(F ig. 6). This response ind ica tes  th a t  smectite occurs in a mixed 
la ye r i l l i t e - s m e c t i t e  assemblage. Using a computer program modified 
from th a t  developed by Reynolds and Hower (1969), I was able to synthe­
size d i f f r a c t io n  patterns s im i la r  to  those generated in  the labora to ry . 
The syn the t ic  patterns correspond to a randomly in t e r s t r a t i f i e d  mixed 
la ye r i l l i t e - s m e c t i t e  o f  about 40% e x p a n s ib i l i ty .  A summary o f  the 
c lay  minerals id e n t i f ie d  in  th is  study and th e i r  corresponding d i f f r a c ­
t io n  peaks is  presented in Table 2.
No la te ra l  va r ia t io n s  in  c lay  mineralogy were detected in  the 
sediments examined. In a d d it io n ,  no v e r t ic a l  changes in c lay m inera l­
ogy were detected in  any o f  the cores. In fa c t ,  a l l  cores showed re ­
markable homogeneity w ith  respect to  c lay  contents, making m ineralo- 
g ic a l ly  based s t ra t ig ra p h ie  co rre la t io n s  impossible.
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Figure 6 . Air dried and glycol saturated diffraction patterns 
showing 17.7A mixed layer illite -sm ectite  re jec tio n .
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Table 2. Mineral species id e n t i f ie d  in  Flathead Lake sedi 
ments and corresponding d i f f r a c t io n  peaks.
Mineral (001) (002) (003) (004)
C h lo r ite 14. 3A 7. lA 4 . 7A 3.5A
I l l i t e 10. lA 4.9A 3. 3A
K a o lin ite 7. lA 3.5A
111ite-Smecti te 17.7A, 60% i l l i t e ,  40% smectite 
in te r s t r a t i f i c a t io n
random
Quartz 3.3A
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CHAPTER IV 
INTERPRETATION AND DISCUSSION
Physical Limnology
A number o f  physical parameters contro l the d is t r ib u t io n  o f  f in e -  
and coarse-grained sediment in Flathead Lake. Included among these 
are: 1) dens ity  d iffe rences o f  lake and in f low ing  waters, determined
p r im a r i ly  by temperature d if fe ren ces ; 2) currents produced by p re v a i l ­
ing winds and r iv e r  in f lo w ;  3) development and s t a b i l i t y  o f  lake water 
s t r a t i f i c a t i o n ;  and 4) seasonal f lu c tu a t io n s  o f  terrigenous in f luxe s  
and biogenic p ro d u c t iv i ty .  In te ra c t io n  o f  these parameters determines 
v a r ia t io n s  o f  sediment type and accumulation rates in  d i f fe re n t  parts 
o f  the lake basin.
Examination o f  the temperature-density re la t io n s h ip  fo r  fresh 
water (Va llentyne, 1957) presented g ra p h ica lly  in  Figure 7, allows a 
more comprehensive understanding o f  hydrodynamics and sediment d i s t r i ­
bution in  the la cu s tr in e  environment. Depending on the temperature 
con tras t between lake and r iv e r  water, in f lo w in g  currents may en ter 
the lake as a surface overf low , an in termediate depth in te r f lo w ,  o r as 
a near bottom underflow (F ig. 8, Sturm and M atter, 1978). With in ­
creasing temperatures in  spring and e a r ly  summer, in f lo w in g  waters warm 
more ra p id ly  than lake water. Id e a l ly ,  warming o f  r iv e r  water above 
the temperature o f  maximum density  (3.95°C) is  co inc ident w ith  highest
27
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Figure 7. Density of water os a function of temperature 
(a f te r  Va llentyne, 1 9 5 7 ).
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Figure 8 .  Schematic representation of lake -rive r water
interactions (m odified from Sturm and M atte r, 1978).
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discharge and sediment load. S u r f ic ia l  f low o f  the t u r b id i t y  plume, 
despite high suspended load concentrations, is  a t t r ib u te d  to the domi­
na ting  e f fe c ts  o f  temperature in  determining the density  behavior o f  a 
water mass (J. S tanford, personal communication). Thermal (dens ity ) 
s t r a t i f i c a t i o n  o f  the lake develops as surface waters warm through 
summer months. As surface temperatures exceed those o f  incoming r iv e r  
water, the now co lder (w ith  respect to  lake surface water) r iv e r  in flow s 
sink upon en tering  the lake and spread as in te r f lo w s  at depths where 
comparable dens it ies  p re v a i l .  With co lder temperatures in  autumn and 
w in te r ,  r iv e r  waters cool to  near 4°C and enter the lake as bottom 
underflows (Carmack e t a l . ,  1979).
By fa r  the most in f lu e n t ia l  parameter a f fe c t in g  c la s t ic  sediment 
d is t r ib u t io n  in Flathead Lake is  surface overflow o f  the spring t u r ­
b id i t y  plume. In te r f lo w  and underflow dynamics have l i t t l e  e f fe c t  on 
pe lag ic  sedimentation due to low suspended load concentrations during 
the seasons in  which these types o f  f low  occur. Coincidence o f  over­
flow w ith  maximum r iv e r  sediment loads allows suspended sediment to 
reach d is ta l  portions o f  the lake. L igh t gray c la y - r ic h  laminae are 
the s t ra t ig ra p h ie  m an ifes ta tion o f  these tu rb id  in f lu xe s .
Pre lim inary in ve s t ig a t io n s  o f  the Flathead de lta  (J.N. Moore,
1980. personal communication) in d ica te  tha t during most o f  the year, 
the environment is  wave dominated. Consequently, reworking o f  shallow 
water sediments by surface waves modifies de lta  morphology and sed i­
ment d is t r ib u t io n .
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Since the construc tion  o f  Kerr Dam in  1939, the lake has witnessed 
annual pro longations o f  unna tu ra lly  high water le ve ls .  These leve ls  
have magnified e f fe c ts  o f  wave domination on the de lta . P r io r  to dam 
con s tru c t io n , a dense growth o f  fo re s t  and grasses had s ta b i l iz e d  a 
large po rt io n  o f  the de lta .  Extended f lood ing  by con tro lle d  lake 
leve ls  has subsequently k i l le d  most o f  th is  vegetation. Without a 
s ta b i l i z in g  cover, reworking o f  d e l ta ic  sediments has occurred to the 
po in t where at present, on ly a small remnant o f  the once expansive 
de lta  surface remains above water fo r  most o f  the year (Fig. 9). A 
v a r ie ty  o f  w i ld l i f e  inc lud ing  ospreys (Pandion h a l ia e tu s ) ,  bald eagles 
(Haliaeetus leucocephalus) and a number o f  game species use the de lta  
environment fo r  breeding and the rearing o f  young. Several nesting 
s ite s  are p resen tly  occupied in the few remaining stumps and trees on 
the de lta .  High lake leve ls  have reversed the natura l trend o f  de lta  
growth and s ta b i l iz a t io n  and now foreshadow the end o f  th is  Federal 
game production area. Stanford (1979) has presented these f ind in gs  
and questioned whether such ha b ita t  losses should be m itigated by 
those agencies responsible fo r  dam operation.
S tra t ig ra p h ie  C orre la t ions
From the photographs and v isual observations o f  s t ra t ig ra p h ie  
features described in  Appendix I ,  co rre la t io n s  can be made between lake 
cores w ith  varying degrees o f  confidence. In a d d it io n ,  observations o f  
re la t iv e  grain size and sedimentary s truc tu res  a llow fo r  the in te rp re ­
ta t io n  o f  depos it iona l processes and sedimentary environments e x is t in g  
in  Flathead Lake.
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Many reports concerned w ith  la cu s tr in e  s tra t ig ra p h y  develop s t ra ­
t ig ra p h ie  co rre la t io n s  over great la te ra l  distances (Ludlam, 1967,
1969; Sturm and M atter, 1978; Lambert and Hsu, 1979, Pharo and Carmack, 
1979). The basis o f  these co rre la t io n s  are o ften extremely sub jective  
and a t times appear completely unfounded. In my own experience w ith  
lake sediments, I have found th a t  the confidence w ith  which s t r a t ig ra ­
phie co r re la t io n s  can be made diminishes w ith  increasing distance be­
tween sampling s i te s .  For th is  reason, I have not attempted to cor­
re la te  each core examined in  th is  study. A number o f  co rre la t io n s  
based on v isual and te x tu ra l observations have been established and 
are presented below.
No s p e c if ic  co rre la t io n s  were made between cores 79-6 (App. I ,  
p.  69), 79-7 (App. I ,  p. 71), and 79-8 (App. I ,  p. 73) due to  the sub­
je c t iv e  nature o f  p a ir in g  s t ra t ig ra p h ie  horizons in  a ra p id ly  develop­
ing d e lta  environment. Core 79-7 was, however, co rre la ted  to two cores 
taken south o f  the de lta  (79-3, App. I ,  p. 60 and 79-5, App. I ,  p. 66).
A conspicuous graded sequence occurred in  cores 79-3 and 79-5 a t 
roughly 34 cm from the sediment-water in te r fa ce . The fa c t  th a t  th is  
laye r is  well developed in  both sections suggests th a t  the u n it  is  
la t e r a l l y  continuous across th is  pa rt o f  the basin. A s im i la r ly  d is ­
t i n c t  graded couplet is  present in  core 79-7 near the 98 cm p o s it io n .
I be lieve th is  horizon to be c o r re la t iv e  between cores 79-3, 79-5, and 
79-7 as i l lu s t r a te d  in  Figure 10. Comparison o f  s tra ta  ove r ly ing  the 
graded couplets in  these cores suggests th a t  sediments accumulate fa s te r
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near the de lta  than in  more pe lag ic regions o f  the lake. A lo g ic a l 
c o ro l la ry  to  th is  suggestion is  th a t  the regions represented by cores 
79-6 and 79-8 also accumulate sediment fa s te r  than regions 79-3 and 
79-5, since sedimentation a t the former two s ta t ions  is  also dominated 
by d e l ta ic  in fluences.
The conspicuous absence o f  d is t in c t  horizon ta l laminae in core 
79-4 {App. I ,  p. 63) precluded attempts to ph ys ica lly  co rre la te  s t ra ­
t ig ra p h ie  layers in the Woods Bay area. No statement o f  re la t iv e  
sedimentation rates can be made in  Woods Bay, however, the p e c u l ia r i ty  
o f  th is  s t ra t ig ra p h ie  column implies th a t sedimentation w ith in  the bay 
con trasts  ra d ic a l ly  w ith  deposition in  the main lake basin. In te rp re ­
ta t io n s  regarding the cause o f  th is  aberrant s tra t ig ra p h y  are discussed 
in  the next section.
S tra t ig ra p h ie  co rre la t io n s  between cores 79-9 (App. I ,  p. 75) and 
79-12 (App. I ,  p. 84) are based on the occurrence o f  three d is t in c t  
dark-brown laminae present in  each column (F ig. 11). The layers occur 
w i th in  the top 25 cm o f  each core and are o f  s im i la r  re la t iv e  spacing 
and th ickness. I in te rp re t  these un its  to be la te r a l l y  continuous 
between cores 79-9 and 79-12 and believe the horizons are s t ra t ig ra p h -  
i c a l l y  c o r re la t iv e .  The absence o f  these marker un its  from cores 79-3 
and 79-5 discouraged attempts to co rre la te  sediments from the northern 
and southern ends o f  the lake. P o tte r  (1978), in  an in ve s t ig a t io n  o f  
cores from s im i la r  lo c a l i t ie s  in  Flathead Lake (P o t te r 's  cores B and C 
correspond in  lo ca t io n  to th is  s tudy 's  cores 79-5 and 79-12 respec tive ­
ly )  co rre la ted  several horizons across the length o f  the lake. His
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c o rre la t io n s  are, in  my op in ion , based on h igh ly  sub jective  in te rp re ­
ta t io n s .  The absence o f  id e n t i f ia b le  marker horizons below 25 cm in 
cores 79-9 and 79-12 precluded me from c o r re la t in g  o lde r sedimentary 
un its  in  these sections.
Cores 79-11 (App. I ,  p. 81) and 79-10 (App. I ,  p. 78) each con­
ta ined a th ic k  (6.0 cm) l i g h t  gray laye r a t approximately 25 cm below 
the sediment-water in te r fa ce .  The pronounced thickness o f  th is  horizon 
in  comparison to other l i g h t  gray la ye rs , supports i t s  use as a cor- 
re la ta b le  s t ra t ig ra p h ie  u n it  (F ig. 12). Also evident in  core 79-10 is  
a dark-brown horizon s im i la r  to those observed in cores 79-9 and 79-12. 
C o rre la t ion  o f  th is  u n it  to  s im i la r  layers in  sections from the eastern 
trough is  not ce r ta in .
Observation o f  a l te rn a t in g  dark and l i g h t  laminae in  a l l  cores 
from Flathead Lake ind ica te  th a t layers in  cores 79-10 and 79-11 occur 
w ith  greater re g u la r i ty  and are more evenly bedded than s im i la r  layers 
taken from basinal areas. Black laminae from the western s h e lf  sed i­
ments occur as d isc re te  continuous u n i ts ,  while those from other cores, 
p a r t ic u la r ly  79-9 and 79-12, are t y p ic a l l y  th in  and discontinuous in  
character. In a d d i t io n ,  pale-gray laminae in cores 79-10 and 79-11 
appear th ic k e r  and are less frequen tly  in te rru p te d  than comparable 
un its  in  cores 79-9 and 79-12. These d iffe rences  are valuable when 
considering rates and types o f  sediment accumulation in  d i f fe re n t  parts 
o f  the basin.
The s t ra t ig ra p h ie  co rre la t io n s  developed in  th is  section in d ica te  
th a t  sedimentary layers in  Flathead Lake do not extend over great
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la te ra l  d istances. These f ind ings  suggest th a t  mechanisms o f  sediment 
tra n sp o rt  operate to d is t r ib u te  sediment non-uniform ly in  the lake ba­
s in . Transport mechanisms and th e i r  s ig n if ican ce  to the formation o f  
sedimentary s truc tu res  are discussed in the fo llow ing  section.
In te rp re ta t io n  o f  Sedimentary Structures
Sedimentary s truc tu res  are produced as a re s u lt  o f  in te ra c t io n s  
between g ra v ity ,  physical and chemical ch a ra c te r is t ic s  o f  the sediment 
and the f l u i d ,  as well as the hydrau lic  environment (Brush, 1965). 
Sediment so r t in g  in depositiona l environments produces recognizable 
sedimentary s tru c tu re s , which serve as in d ica t io n s  o f  p re va i l in g  en­
vironmental cond itions. A v a r ie ty  o f  sedimentary s truc tu res  and tex­
tures from the sediments o f  Flathead Lake have been described (Appendix 
I ) .  Included among these are graded beds, th ic k  sand and s i l t  la ye rs , 
rh y th m ica lly  a l te rn a t in g  l i g h t  gray and black couplets, steeply in ­
c l in e d  s t ra ta ,  ye llow  and dark-brown laminae, and small white chalky 
nodules. In th is  sec t ion , I discuss the o r ig in s  o f  these s truc tu res  
and th e i r  s ig n if ican ce  to depos it iona l processes ac tive  in  Flathead Lake.
Graded Beds. The graded beds in  Flathead Lake are characterized 
by a gradation o f  r e la t iv e ly  coarse to f in e  gra in sizes ( f in e  sand - 
s i l t  - c lay) in complete v e r t ic a l  sequence. Graded beds were observed 
in  cores 79-3, 79-5, 79-7, and 79-8; and hence appear to  be associated 
w ith  processes operating a t  the north end o f  the lake.
The foreslope o f  the Flathead de lta  is  a steep subaqueous slope 
and a l i k e l y  loca t ion  fo r  slope oversteepeninq to  develop. With
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continued sediment accumulations, oversteepeninn o f  water saturated 
d e l ta ic  sediments produces an unstable environment. S ta b i l iz a t io n  can 
occur as e i th e r  slow downslope creep o f  loose unconsolidated sediment, 
or as ca tas troph ic  surging o f  remobilized m ateria l.
Fulton and Pullen (1969) described sediment slumping on the 
Incomappleux de lta  (Upper Arrow Lake, B.C.) as the slow steady creep 
o f  water saturated sediments. In a recent in ve s t ig a t io n  o f  Kamloops 
Lake (B r i t is h  Columbia), Pharo and Carmack (1979) concluded th a t  slump 
features observed on the Thompson River de lta  were the products o f  ep i­
sodic and s h o r t - l iv e d  sediment density  surges which tended to redeposit 
materia l i n i t i a l l y  dumped on the upper de lta  slope.
The sedimentary s truc tu res  developed in  response to these processes 
are d is t in c t  and serve to  a id in te rp re ta t io n s  o f  sediment transpo rt 
mechanisms. Steady downslope creep o f  unconsolidated sediment produces 
homogeneous layers o f  loose sand and s i l t  w ith  l i t t l e  o r no preserva­
t io n  o f  e x is t in g  sedimentary s truc tu res . In co n tra s t,  rem ob iliza tion  
o f  metastable sediment in the form o f  a sediment density  surge, causes 
sediment-ladened currents to  tra ve l downslope where, in time, re s e t t le ­
ment o f  coarse grained m ateria ls  is  followed by f in e r  p a r t ic le  s izes, 
re s u lt in g  in  the formation o f  well preserved graded sequences.
Echo p ro f i le s  across the de lta  slope reveal d is t in c t  i r re g u la r ,  
hummocky topography between 50 and 80 m depths (Fig. 13). S im ila r  
s truc tu res  have been reported in Canadian intermontane lakes (Fulton 
and P u llen , 1969; G i lb e r t ,  1975; Pharo and Carmack, 1979) and have been 
in te rp re te d  as slump terraces s im i la r  to those seen in t e r r e s t r ia l  
slope fa i lu re s  (Bloom, 1979, p. 178).
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I in te rp re t  the graded deposits in  Flathead Lake to represent ma­
t e r ia l  th a t  was o r ig in a l ly  deposited metastably on the steep de lta  
slope and has been subsequently remobilized during catastroph ic  slump­
ing episodes. Pharo and Carmack (1979) detected density  surges in  Kam­
loops Lake during the la te  autumn and w in te r seasons, when water leve ls  
were lowest and lake water s t r a t i f i c a t i o n  was only weakly developed.
They a t t r ib u te d  the t r ig g e r in g  o f  density  surges to w in te r storm waves 
crashing on the de lta  f ro n t  and to  the influences o f  in te rna l wave 
(seiche) a c t iv i t y .  Sediment density surges o f f  the Flathead de lta  may 
be tr igg e re d  by s im i la r  mechanisms operating in  Flathead Lake. In 
a d d it io n ,  recent earthquake a c t i v i t y  centered ju s t  north o f  the Flathead 
de lta  (M. S tickney, personal communication) may produce seismic waves 
o f  s u f f ic ie n t  magnitude to i n i t i a t e  sediment density  flows. Future 
monitoring o f  the de lta  slope area may help to  id e n t i fy  associations 
between loca l earthquake a c t i v i t y  and sediment tu r b id i t y  surges.
Thick Homogeneous Fine Sand and S i l t . Thick f in e  sand and s i l t  
layers were detected in cores taken from the de lta  f l a t  and foreslope 
(79-6, 79-7, 79-8). The homogeneity o f  these sequences is  believed to 
r e f le c t  cond itions unique to the d e lta ic  depositiona l environment. As 
Flathead River water ca rry ing  bed and suspended sediment enters the 
r e la t iv e ly  quiescent waters o f  Flathead Lake, i t  undergoes a marked 
decrease in  sediment ca rry ing  capacity. The coarsest-grained sediment 
is  ra p id ly  deposited a t the la k e - r iv e r  confluence, producing a th ic k  
d e l ta ic  wedge at the la ke 's  north end. This sedimentation produces
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the th ic k  homogeneous sequences observed in  th is  study. In add it ion  to 
rap id  deposition o f  r iv e r  sediment, slow sediment creep down the de lta  
slope may also con tr ibu te  to the formation o f  th ic k  homogeneous sand 
and s i l t  sequences.
Rhythmically Laminated Couplets. Laminated couplets o f  l i g h t -  
colored clays and black organic muds are predominant in  sections cored 
from the deep waters o f  Flathead Lake {79-3, 79-5, 79-9, 79-10, 79-11, 
79-12). Since the e a r l ie s t  recogn it ion  o f  rhythmic s tra ta  in  lacus­
t r in e  sediments (Smith, 1832), a number o f  theories exp la in ing  th e i r  
formation have been presented (Emerson, 1898; DeGeer, 1912; Johnston, 
1922; Antevs, 1951). These theories share the concepts o f  d i f f e r e n t ia l  
deposition according to grain s ize , w ith  the u lt im ate  production o f  
a l te rn a t in g  dark-colored s i l t  and l ig h te r -c o lo re d  c lay horizons. De­
pos its  o f  th is  character are genera lly  termed "varves" and are in te r ­
preted to represent annual accumulations o f  la cu s tr in e  sediment. 
Flathead rhythmites cons is t o f  a l te rn a t in g  black organic and l i g h t  gray 
cl a y - r ic h  horizons.
P o tte r (1978) examined organic d e tr i tu s  from Flathead Lake and 
reported the occurrence o f  p lan t and animal remains, inc lud ing  po llen , 
b a c te r ia ,  and zooplankton exoskeletal fragments. I f  pe lagic sedimenta­
t io n  o f  organic and inorgan ic d e t r i tu s  occurred simultaneously in  F la t ­
head Lake, a non-laminated sediment would accumulate, re s u lt in g  in a 
homogeneous sequence. In order fo r  d is t in c t  accumulations fo r  these 
components to develop, some natura l segregating mechanism must operate 
in  Flathead Lake.
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The model developed here fo r  the genesis o f  rhythmic laminae in 
Flathead Lake is  re la ted  to the t im ing  o f  the spring sediment plume, 
the development o f  thermal s t r a t i f i c a t i o n ,  and the periods o f  peak 
trophogenic biomass production. The physical and b io lo g ica l data sup­
p o rt ing  th is  model has been compiled by Stanford e t a l .  (1979).
Despite the o l ig o tro p h ic  c la s s i f ic a t io n  o f  Flathead Lake, the lake 
waters support a s ig n i f ic a n t  amount o f  b io lo g ica l p ro d u c t iv i ty .  Stan­
fo rd  e t a l .  (1979) estimated annual primary p ro d u c t iv i ty  (March, 1978 
to March, 1979) to  be on the order o f  73,000 metric tons, w h ile  a l lo c -  
thonous organic co n tr ib u t io n s  reached 16,369 metric tons. Taken toge­
th e r ,  these two sources con tr ibu te  substan tia l q u a n t it ie s  o f  organic 
d e t r i tu s  to  Flathead Lake.
Stanford e t a l.  (1979) report two major periods o f  high plankton 
p ro d u c t iv i ty  in  the pe lag ic  zone o f  Flathead Lake. These two pulses 
o f  high biomass concentrations are separated in time by the t u r b id i t y  
plume which enters the lake in the spring o f  each year. The f i r s t  
period o f  p lankton ic  p ro d u c t iv i ty  is  suspected o f  being a vernal d ia ­
tom pulse, associated w ith  warming, m ixing, and f e r t i l i z a t i o n  o f  the 
trophogenic zone. The vernal diatom bloom is  s h o r t - l iv e d  as evidenced 
by measured declines in p lankton ic  biomass and primary p ro d u c t iv i ty  in 
la te  May, 1978 (Stanford e t  a l . ,  1979). Depletion o f  d issolved s i l i c a  
from the water column is  a major fa c to r  co n tr ib u t in g  to vernal diatom 
decline (Wetzel, 1975).
As discussed p re v io u s ly ,  the coarsest-gra ined sediment en tering  
Flathead Lake via the Flathead River is  ra p id ly  deposited at the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
44
la ke 's  north end. F iner grained sediment, composed mostly o f  c lay 
m inera ls , remains in  suspension and is  transported fa r th e r  in to  the 
lake. Allocthonous sediment inputs to Flathead Lake are greatest from 
la te  May to mid-June, when the Flathead River is  a t highest f low and 
ca rry ing  i t s  maximum annual sediment load. Each year during th is  per­
io d , a pronounced sediment plume enters Flathead Lake and is  v is ib le  
in  the la ke 's  surface waters. Stanford e t a l .  (1979) report th a t  the 
t u r b id i t y  plume o f  June, 1978 s e t t le d  through the water column by mid 
to la te  Ju ly  and was fo llowed by the second pulse o f  high biomass pro­
d u c t iv i t y .
Studies o f  temporal n u tr ie n t  concentrations (Stanford e t a l . ,
1979) repo rt a r is e  in  phosphorous concentration co incident w ith  the 
in f lo w  o f  spring tu rb id  waters. With the c le a r ing  o f  lake waters f o l ­
lowing tu rb id  plume in f lu x ,  primary p ro d u c t iv i ty  increases to  mid­
summer highs as suspended inorgan ic p a r t ic le s  s e t t le  through the water 
column (Stanford e t a l . ,  1979). Primary p ro d u c t iv i ty  declines again 
in  la te  f a l l  w ith  the advent o f  co lder temperatures.
From the observations o f  Stanford e t a l .  (1979), sedimentation in 
the pe lag ic  zone o f  Flathead Lake can be subdivided in to  three pulses. 
These have been id e n t i f ie d  as: 1) the vernal diatom bloom; 2) the
inorgan ic  tu r b id i t y  plume; and 3) high summer biomass p ro d u c t iv i ty .
I propose th a t th is  sequence is  re f le c te d  in  the rhy thm ica lly  laminated 
sediments o f  Flathead Lake. As each phase o f  pe lag ic d e t r i tu s  s e t t le s  
to  the bottom muds, i t  is  fo llowed by the next d e t r i t a l  pulse. The 
cumulative e f fe c t  is  the development o f  a l te rn a t in g  dark black and 
l i g h t  gray sedimentary couplets.
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Diatom sedimentation a f t e r  the vernal diatom bloom probably occurs 
f a i r l y  ra p id ly  due to the dens ity  o f  s i l ice o u s  diatom te s ts ;  actual 
s ink ing  rates being dependent upon te s t  size and morphology. Colvert 
(1965) and Hulsemann and Emery (1961) a t t r ib u te  the formation o f  l i g h t -  
colored laminae in  the Gulf o f  C a li fo rn ia  and the Santa Barbara Basin 
to  sedimentation and accumulation o f  s i l ice o u s  diatom tes ts . S im i la r ­
l y ,  I am suggesting th a t  sedimentation o f  the vernal diatom bloom in 
Flathead Lake con tr ibu tes  to  the formation o f  l ig h t-c o lo re d  lamina in 
the bottom sediments.
Sedimentation o f  the diatom phase is  fo llowed by suspension se t­
t l i n g  o f  f in e  inorgan ic p a r t ic le s  brought in  by the spring sediment 
plume. The tu r b id i t y  plume is  the product o f  tu rb id  spring ru n o ff  and 
r iv e r  induced c i r c u la t io n  in the Flathead Lake basin. These t e r r i ­
genous in f lu xe s  are the primary constituen ts  o f  l i g h t  gray laminae 
developed in  the lake basin. Observations o f  a e r ia l photographs sug­
gest th a t  surface spreading o f  the r iv e r  current occurs p re fe re n t ia l ly  
along the west shore o f  the lake (Fig. 14). This phenomenon is  under 
in v e s t ig a t io n  in  Flathead Lake (S tanford, unpublished data) and has 
also been observed in  o ther fresh water lakes (Carmack et a l . ,  1979; 
Pharo and Carmack, 1979). Right-hand d i f f le c t io n  o f  the sediment 
plume is  commonly a t t r ib u te d  to  geostrophic currents imposed by the 
ro ta t io n  o f  the earth. Pharo and Carmack (1979) suggested th a t the 
north  side o f  Kamloops Lake received higher rates o f  sediment accumu­
la t io n s  and a greater f ra c t io n  o f  coarse materia l due to p re fe re n t ia l
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Figure 14 . D istribution of the spring sediment plume (1974) 
( J .  Stanford, unpublished d ata .)
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spreading o f  the spring sediment plume. According to  Decker (1968, 
p la te  2 ) ,  the d is t r ib u t io n  o f  sediment gra in size in  Flathead Lake is  
d i r e c t ly  re la ted  to distance from the r iv e r  de lta  and prox im ity  to  the 
shore line . C ontr ibu tions o f  shore line derived sediment are o f  s u f f i ­
c ie n t  magnitude in Flathead Lake to o ve rp r in t  gra in s ize d is t r ib u t io n  
pa tte rns re s u lt in g  from geostrophic currents. Comparisons o f  s t r a t i ­
graphie sec tions , however, do r e f le c t  these geostrophic in fluences. 
L igh t gray layers from the western s h e lf  sediments are th ic k e r ,  more 
reg u la r and show less frequent m icro-lam ination than l i g h t  gray laminae 
from the eastern trough. I in te rp re t  these s t ra t ig ra p h ie  d iffe rences 
to  be the product o f  la rg e r  and more consistent sediment accumulations 
along the western s h e lf  due to p re fe re n t ia l spring plume d is t r ib u t io n .
The formation o f  dark colored laminae is  a t t r ib u te d  to the sed i­
mentation o f  organic p a r t ic u la te s  in Flathead Lake. As surface waters 
warm w ith  increasing summer temperatures, thermal s t r a t i f i c a t i o n  o f  
the water column develops along w ith  increased primary p ro d u c t iv i ty  
in  e p i l im n e t ic  waters. A pronounced density  con trast is  present a t 
the thermocline in  s t r a t i f i e d  lake bodies. As Flathead Lake p lankters 
d ie  and s e t t le  through the ep il im n io n , they are unable to penetrate 
th is  dens ity  grad ient and hence tend to accumulate a t the thermocline. 
Thermoclin ic accumulations continue throughout the summer because the 
v e r t ic a l  dens ity  grad ient is  more dependent on temperature than on an 
increase in density  due to suspended p a r t ic le s .  Matthews (1956) noted 
th a t  a suspended p a r t ic le  concentration o f  50 mg/1 re su lts  in  on ly 
in s ig n i f ic a n t  changes in  bulk dens ity . As a re s u l t  o f  density  con­
t r a s ts ,  wind and therm a lly  generated surface currents a llow
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e p il im n e t ic  water to c ir c u la te  independently o f  hypolimnetic waters. 
Continued c i r c u la t io n  in  the ep il im n ion coupled w ith  cumulative e f fe c ts  
o f  dens ity  s t r a t i f i c a t i o n ,  keeps organic d e t r i tu s  from s ink ing  to the 
bottom during the summer period. Only a f te r  des truc tion  o f  the den­
s i t y  boundary during autumnal turnover do the f ine -g ra ined  organics 
s e t t le  to the bottom, b lanketing the bottom w ith  a th in  veneer o f  
organic debris . This cycle is  completed the fo llow ing  spring w ith  
diatoms s e t t l in g  upon the previous summer's organic accumulation.
To th is  po in t the question o f  whether the layered sediments in 
Flathead Lake represent annual accumulations o f  sediment has not been 
addressed. I t  appears tha t the l i g h t  gray c la y - r ic h  layers represent 
sedimentation o f  the vernal diatom pulse coupled w ith  the s e t t l in g  o f  
spring  t u r b id i t y  in f lu x e s ,  wh ile  black organic layers are the product 
o f  summer p lankton ic  accumulations. Thus, the layers r e f le c t  seasonal 
changes in  the Flathead watershed and can be expected to occur regu­
l a r l y  and repeatedly from year to year.
The la s t  period o f  major f lood ing  in the Flathead Valley was re ­
corded in  1964 (U.S. D. I .  :G.S. , 1969). During tha t year, the spring 
t u r b id i t y  plume extended well in to  the lake and, due to  unusually high 
discharges, ca rr ied  large q u a n t i t ie s  o f  suspended sediment w ith  i t .
The conspicuously th ic k  (6.0 cm) l i g h t  gray layers corre la ted  in  cores 
79-10 and 79-11 may represent the deposit iona l product o f  th is  f lood ing  
episode, A to ta l  o f  f i f t e e n  a l te rn a t in g  black and l i g h t  gray couplets 
are recorded above th is  horizon in  cores 79-10 and 79-11. Assuming 
one couplet accumulates each seasonal year, a simple back-counting o f
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rhythmic layers fu r th e r  supports the associa tion o f  th is  u n i t  w ith  the 
1964 f lood . The f i f t e e n  couplets above the 1964 marker occupy 21.5 cm 
o f  core section. D iv id ing  th is  in te rv a l by f i f te e n  y ie ld s  an average 
annual sedimentation rate o f  1.4 cm/yr fo r  the past f i f te e n  years in 
th is  region o f  the lake. Natural dev ia tions from th is  seasonal cycle 
w i l l  l i k e l y  in fluence the sediment pa tte rn  developed in  a p a r t ic u la r  
year. As an example, severe storms in  la te  summer or f a l l  may bring 
sediment ladened water in to  the lake and produce inorganic layers re­
sembling those a t t r ib u te d  to  spring sediment plumes.
U n s tra t i f ie d  Sediments from Hoods Bay. The conspicuous absence 
o f  a l te rn a t in g  black and l i g h t  gray s t r a t i f i e d  un its  in  the sediments 
sampled from Woods Bay (core 79-4) suggests th a t  some m od if ica tion  o f  
seasonal mechanisms dominate depositiona l processes in  the bay area. 
The enclosed (pro tected) morphology o f  the embayment and i t s  lo ca t io n  
on the lakes ' east shore, serves to minimize d e t r i t a l  inputs from the 
spring t u r b id i t y  plume. In a d d it io n ,  p re v a i l in g  summer winds (no rth ­
east) discourage co n tr ib u t io n s  o f  e p i l im n e tic  organics from the main 
lake basin. Strong "undertow currents" have also been detected w ith in  
Woods Bay (L. Hanzel, personal communication) and may s ig n i f ic a n t ly  
a f fe c t  hydrodynamics and c i r c u la t io n  w ith in  the bay. Sediment slump­
ing o f f  steep subaqueous slopes in  Woods Bay may also serve to produce 
the u n s t ra t i f ie d  sediments observed in  th is  core.
Inc line d  Sedimentary S tra ta . Angled rhythmic couplets were ob­
served in  the lower sections o f  core 79-11. I t  does not appear th a t
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the a t t i tu d e  o f  these beds is  a re s u l t  o f  perturba tions imposed by 
mishandling o f  cored m ateria l since horizonta l laminae are present 
adjacent to angled s t ra ta .  Consequently, I in te rp re t  these s tra ta  to 
be the product o f  na tura l lake processes. Observations o f  t i l t e d  
s t ra ta  in  Flathead Lake are not confined to th is  study alone. Po tte r 
(1978) reported s im i la r ly  angled beds and a t t r ib u te d  t h e i r  formation 
to  "minor te c to n ic  movements" in  the lake basin. Core 79-11 was re­
covered from the steep western slope o f  the Flathead basinal trough.
On a s teep ly  in c l in e d  subaqueous slope, detachment and slumping o f  
cohesive c la y - r ic h  m ateria l could cause t i l t i n g  o f  prev ious ly  deposi­
ted sedimentary s t ra ta .  A l te rn a t iv e ly ,  subaqueous erosion o f  h o r i ­
z o n ta l ly  laminated sediment w ith  subsequent bu r ia l by la te r  deposits , 
may produce sequences o f  in c l in e d  and h o r iz o n ta l ly  oriented sedimentary 
uni ts .
Dark-brown Laminae. D is t in c t  dark-brown horizons were observed 
in  the upper sections o f  cores 79-9, 79-11, and 79-12. X-ray analysis 
showed no d iffe rence  in c lay  mineralogy between these s tra ta  and adja­
cent sedimentary un its .  Perhaps some oxid ized component w ith in  these 
layers imparts the dark-brown co lo r  observed in  these laminae.
White Chalky Nodules. A small white chalky nodule, roughly 0.5 cm 
by 1.0 cm was found in core 79-12 a t a depth o f  158 cm below the sed i- 
ment-water in te r fa c e . The nodule was removed and placed in a small 
p la s t ic  v ia l  fo r  fu r th e r  study. A f te r  several days, I noticed the 
sample had turned a deep blue co lo r.  Using a powder d i f f r a c t io n  camera
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Figure 15. Vivianite ( PO^)g 8 powder  diffraction pattern.
(Fig. 15), I id e n t i f ie d  the material as the mineral v iv ia n i te  
[FegfPO^Ïg'SHgO]. Po tte r (1978) reported s im i la r ly  colored nodules 
from Flathead Lake and c ite d  an ad d it ion a l occurrence in  sediments 
from Lake o f  the Clouds, Minnesota (Anthony, 1977). Reaction o f  free 
iro n  w ith  a local source o f  phosphate in  the reduced benthic environ­
ment (beneath the sediment-water in te r fa c e )  produces the white colored 
nodules recovered from the lake. Perhaps dead f is h  o r  s im i la r  carcas­
ses s in k in g  to the bottom serve as a loca l phosphorous source. Expo­
sure o f  the mineral to  the surface environment ox id izes the i ro n ,  pro­
ducing v iv ia n i te 's  c h a ra c te r is t ic  blue co lor.
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CHAPTER V 
SUMMARY
X-ray analyses show th a t  c h lo r i te ,  i l l i te ,  kao lo n ite , quartz , 
and mixed layered i l  1i te -s m e c t i te occur in  the sediments o f  Flathead 
Lake. The minerals are probably d e t r i t a l  in  o r iq in ,  derived from rock 
un its  w i th in  the watershed. K a o lin i te ,  however, is  suspected o f  form­
ing w ith in  the lake (Decker, 1968).
In te rp re ta t io n  o f  cored sedimentary s truc tures  ind icates th a t  a 
number o f  c o -e x is t in g  and in te ra c t in g  depositiona l processes contro l 
the d is t r ib u t io n  o f  f in e -  and coarse-grained sediment in  Flathead 
Lake. Surface overflow o f  the spring tu r b id i t y  plume introduces sus­
pended inorgan ic  p a r t ic le s  to  the lake basin. L igh t-g ray  laminae are 
produced by the sedimentation o f  th is  d e t r i t a l  materia l in add it ion  
to  deposit ion  o f  s i l ice o u s  diatom te s ts .  S t r a t i f i c a t io n  o f  the lake 
permits autochthonous organic materia l to  accumualte in  e p i l im n e tic  
waters. Sedimentation o f  organic p a r t ic le s  a f te r  f a l l  overturn pro­
duces the dark laminae o f  rhythmic couplets. Graded sequences from 
the north end o f  the lake are deposited by tu r b id i t y  currents o r i g i ­
na ting on the steep de lta  slope. In te rp re ta t io n  o f  echo p ro f i le s  
suggests th a t re m o b il iza tion  o f  d e lta ic  sediments is  in i t ia te d  by 
ca tas troph ic  slumping o f  water saturated m ate ria l.  T r iggering  o f  
these slumps may be linked to  recent earthquake a c t iv i t y  in the 
Flathead Valley. L igh t-g ray  layers from the western sh e lf  are th ic k e r ,
52
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more re g u la r ,  and show less frequent m icro-lam ination than l ig h t -g ra y  
laminae from the eastern trough. These s t ra t ig ra p h ie  d iffe rences are 
in te rp re te d  to  be the product o f  la rg e r  and more cons is ten t sediment 
accumulations along the western s h e lf  due to r ight-hand de f le c t io n  o f  
the spring plume by geostrophic currents. The occurrence o f  in c l in e d  
and h o r iz o n ta l ly  orien ted sedimentary un its  in  the same cored section 
may be caused by slumping o f  cohesive c la y - r ic h  sediment o r subaqueous 
erosion fo llowed by deposition o f  laminated sediments.
S tra t ig ra p h ie  c o rre la t io n s  based on visual and te x tu ra l observa­
t ion s  in d ica te  th a t  sedimentary layers w ith in  the lake basin are not 
continuous over great la te ra l  d istances. Sediments from the eastern 
trough could not be co rre la ted  w ith  sediments from the western she lf .  
S im i la r ly ,  no s t ra t ig ra p h ie  t ie s  could be established between cores 
from the north and south ends o f  the lake. These f ind ings  suggest th a t 
depos it iona l processes in Flathead Lake do not d is t r ib u te  sediment 
un ifo rm ly  throughout the lake basin.
Terrigenous in f lu xe s  from the 1964 tu r b id i t y  plume have been iden­
t i f i e d  in two s tra t ig ra p h ie  sections (79-10 and 79-11). Assuming 
rhythmic couplets above th is  in te rv a l are deposited annually , sed i­
ments in th is  region o f  the lake have accumulated a t an average rate 
o f  1.4 cm/year over the past f i f t e e n  years.
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S tra t ig ra p h ie  Descriptions
Ten sediment cores from Flathead Lake were s p l i t ,  photographed, 
and sampled. A d e ta i le d  i l l u s t r a t i o n  o f  each core is  presented, 
along w ith  a b r ie f  de sc r ip t io n  o f  s a l ie n t  s tra t ig ra p h ie  features. 
Descrip tions are based on photographic and v isual observations made 
during core processing.
Core 79-3
water depth 94.5 m
length 173 cm
Core 79-3 was taken from the Flathead trough southwest o f  Woods 
Bay. The core is  dominated by regu lar interbeds o f  l i g h t  gray and 
black colored layers . Contacts between un its  are sharp and d is t in c t .  
Black laminae occur as both continuous and discontinuous horizons, 
the l a t t e r  being more abundant. A th ic k  {4 .0 cm) graded s i l t - c l a y  
u n i t  extending from the 32-36 cm in te rv a ls  is  also present.
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C O R E  7 9 - 3  
I J light gray silt-cloy  
black organic laminae
graded sequences 
(fine sand — silt —clay)
CM
10
2 0 -
30-
4 0 -
5 0 -
60
70
70
80-
90-
100-
110
120 -
130
140
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C O RE 7 9 - 3
CM
140
150
160 -
170 -
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Core 79 -4
water depth 64 m
length 172 cm
Core 79-4, taken from ins ide  Woods Bay shows a very pecu lia r  
s tra t ig ra p h y  and is  unique among a l l  cores taken from Flathead Lake. 
The column is  composed o f  a monotonous sequence o f  l i g h t  gray homo­
geneous s i l t  and c la y , con ta in ing  very few black laminae. Black
layers th a t  are present are composed o f  d is t in c t  s t ic k  and tree  
branch fragments.
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CO RE 7 9 - 4  
I I light gray silt-clay block organic laminae
CM
10-
20 -
3 0 -
4 0 -
5 0 -
6 0 -
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7 0
8 0 -
-------- 9 0 -
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- 120-
- 130- -----------
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C O R E  7 9 - 4
CM
140
150 .
160
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Core 79 -5
w a te r  d e p th  8 5 .9  m
le n g th  163 cm
Core 79-5, taken from the north end o f  the deep trough in 
Flathead Lake, d isp lays a s t ra t ig ra p h ie  sequence s im i la r  to  th a t 
o f  core 79-3. The core is  composed o f  re g u la r ly  interbedded l i g h t  
gray and black colored horizons. Boundaries between sediment types 
are sharp and well defined. Black horizons are ty p ic a l ly  f in e ­
gra ined, o f  varying thickness (0.25 - 1.0 cm) and e i th e r  continuous 
o f  d iscontinuous in  ho r izon ta l extent. Of p a r t ic u la r  note in  th is  
column is  a th ic k  (4.0 cm) graded s i l t - c l a y  u n i t  located about 33 cm 
from the sediment-water in te r fa c e .
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CORE 7 9 -5
I J light gray sllt-cloy  
1 ^ ]  block organic laminae graded sequences 
(fine sand -  silt -  clay)
CM
10
20
3 0 -
4 0
6 0
6 0
7 0 -
90
100
110-
(20
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C O R E 7 9 - 5
CM 120
130
140
ISO'
160-
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Core 79 -6
w a te r  d e p th  3 m
le n g th  61 cm
Core 79-6 was taken from the shallow d e lta  f l a t  a t the north 
end o f  Flathead Lake. I t s  short length is  a t t r ib u te d  to  reduced 
penetra tion a b i l i t y  encountered when sampling coarse sediment. Fine 
sand and s i l t  c o n s t i tu te  most o f  the core w ith  medium to coarse sand 
occurr ing  a t d is t i n c t  in te rv a ls  (38, 40, 57 cm). Coarse black vege­
ta l  matter is  a lso conspicuous and occas iona lly  con s t itu tes  th ic k  
f ib ro u s ly  tex tured horizons (25, 43, 54 cm).
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C O R E  7 9 - 6  
I I light gray fine sand and silt
1 ^ 1  black organic laminae 
RwH medium groined sand 
gnS coarse grained sand
CM
10-
20 -
3 0
40-
50
6 0 -
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Core 79 -7
w a te r  d e p th  68 m
le n g th  136 cm
Core 79-7, taken from the lower de lta  slope, is  marked by a 
pauc ity  o f  black colored laminae which occur on ly as very th in  
(2-3 mm) layers a t middle and lower core pos it ions . Graded s i l t -  
c lay  un its  mark the upper 25 cm o f  core length but occur less 
fre q u e n t ly  a t lower core depths. A d is t in c t  graded u n it  occurs 
a t the 98 cm p o s it io n .  S i l t y  lam inations 0.25 - 1.0 cm th ic k  were 
observed throughout the column, usua lly  separated by th ic k  sequen­
ces (5-25 cm) o f  l i g h t  gray homogeneous s i l t  and clay.
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C O R E  7 9 - 7  
1 1 light gray fine sand and silt
black organic laminae
silt laminae
K i l  graded sequences 
FWxj (fine sand—s ilt—clay)
CM
to-
2 0 -
30
4 0 -
50
G O ­
TO
7 0
8 0 -
9 0 -
100
110-
120 -
130-
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
73
Core 7 9 -8
w a te r  de p th  3 0 .5  m
le n g th  120 cm
Core 79-8, taken from the lower de lta  slope, is  composed o f  
a l te rn a t in g  th ic k  (10-20 cm) l i g h t  gray homogeneous s i l t  and c lay  
horizons, i r r e g u la r ly  interbedded w ith  th in  (0 .25-3.0  cm) s i l t  laminae. 
Also evident is  a u n it  o f  f ib ro u s ly  textured organic materia l a t the 
50-52 cm in te r v a l ,  composed o f  le a f  and p lan t stem fragments.
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^  C O R E  7 9 - 8
I— I light gray fine sand and silt
fibrous block organics
(323 silt laminae
CM
10-
2 0 -
3 0 -
4 0
50
6 0
7 0
70
8 0 -
9 0 -
100
no
120
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Core 79 -9
w a te r  d e p th  9 9 .4  m
le n g th  222 cm
Core 79-9, taken from the eastern trough o f  Flathead Lake west 
o f  Yellow Bay, shows a complicated s t ra t ig ra p h ie  sequence cons is t ing  
o f  a l te rn a t in g  l i g h t  gray and black couplets. Black layers are pre­
dominantly th in  and discontinuous in  horizon ta l ex tent. Three d is t in c t  
dark brown layers are present w ith in  the top 25 cm o f  the core.
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C O RE 7 9 - 9  
I I light groy silt-clay
black organic laminae
CM
10
20
30
4 0
5 0
6 0 -
70
dark brown laminae
70
8 0
9 0
100-
no-
(20
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140
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CORE 7 9 - 9
CM
140
150
160
170
180
19 0
200
210
2 20
ISO-
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Core 79 -10
w a te r  d e p th  48. 2 m
le n g th  232 cm
Core 79-10 was taken from the western s h e lf  in  Flathead Lake, 
and cons is ts  o f  re g u la r ly  in t e r s t r a t i f i e d  l i g h t  gray and black 
couplets. Contacts between sediment types are sharp and well 
defined. A th ic k  (6 .0 cm) l i g h t  gray u n it  is  present at the 25 cm 
in te rv a l  in  th is  core.
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CORE 79-10
L  1 light gray silt clay l= z l block organic laminae
CM
0
10-
2 0 -
3 0
4 0
5 0 -
6 0 -
70-J
7 0
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110-
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130
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CORE 7 9 - 1 0
CM
140
1 5 0 -
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170 -
180
190
190
200 -
210
220
2 3 0 -
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Core 79-11
w a te r  d e p th  8 5 .9  m
le n g th  241 cm
Core 79-11 was taken from the steep western slope o f  the F la t ­
head trough and consis ts  o f  re g u la r ly  in t e r s t r a t i f i e d  l i g h t  gray and 
black colored couplets. Black laminae are genera lly  continuous and 
we ll defined. A s ing le  dark brown laye r (1.0 cm th ic k )  is  present at 
a depth o f  10 cm below the sediment-water in te r fa c e .  Also present 
is  a th ic k  (6.0 cm) l i g h t  gray u n it  s im i la r  to th a t  observed in  core 
79-10. In a d d it io n ,  s teeply  angled layers were observed in  the lower 
sections o f core 79-11.
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C O R E  7 9 -1 1  
I I light gray silt-clay
black organic laminae
1--̂ -̂  dark brown laminae
CM 
O
10
20
30"
40
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70-1
8 0 -
9 0 -
100-
70-“ 1 4 0 -i
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CORE 79-11
CM
140
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160
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ISO
190
190
200
210
220
2 3 0 -
2 4 0
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
84
Core 79-12
water depth 99.0 m
length 204 cm
Core 79-12, taken from the eastern trough west o f  Yellow Bay, 
is  s t r a t ig ra p h ic a l ly  s im i la r  to  core 79-9. Regular interbeds o f  f in e ly  
laminated l i g h t  gray and black couplets dominate the column. Black 
layers  are predominantly th in  and discontinuous. As in  core 79-9, 
three d is t i n c t  dark brown laminae are also present and a t s im i la r  
s t ra t ig ra p h ie  in te rv a ls .  A small white colored nodule was recovered 
from th is  core a t 158 cm from the sediment-water in te rface .
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C O R E  7 9 - 1 2  
I I light gray s ilt-c la y
black organic laminae
dark brown laminae
CM
0
10
20
3 0
4 0
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C O R E 7 9 - 1 2
CM
140
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160 -
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